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Y .n;pyroMy p03)],1JI1, llJ,0 CKJia~aeTbC51 3 II' 5ITH II1)],p03)],1JI1B, )J,eTaJihHO OIIHCaHa 

MeTO)J,HKa npoBe)J,eHH51 eKcnepHMeHTY. Y nepIIIOMY rri)J.p03)],iJii OITHCaHO BaKyyMHi 

YMOBH OTpHMaHH51 KOH)J,eHcanB. Y )J.pyroMy II1)],p03)],1JI1 HaBe)J,eHO YMOBH 

Ha6JIH)KeHH51 CHCTeMH )J,0 TepMO)J,HHaMiqHol piBHOBarH. <l>i3HqHi npou:ecH rrpH 

p03IIHJieHHl Ta oca)J,)I<eHHi peqoBHHH npH ni)J,BHI.lJ,eHHX THCKax po6oqoro ra3y 

po3rJI51)],aIOThC51 y TpeTbOMY ni)J,p03)],iJii. qeTBepTHH rri)J,p03)],iJI OIIHcye po6oTy 

HaKonttqyBanhHOI cttcTeMH IIJia3Ma- KOH)J.ettcaT (HCTIK). Y n'5ITOMY ni)J.p03)].ini 

OIIHCaHO ycTaHOBKY )J,J151 OKHCHeHH51 HaHOCHCTeM U:HHKY Ta MeTO)J,HKY )J,OCJil)J,)KeHh 

)J,J151 BJ1BqeHH51 l~JiaCTHBOCTett. 

ABTopoM )J,OBe)J.eHo, llJ,O )J,JI51 oTpHMaHH5I cTpyKTYP Mi)J.i i qacTKOBO U:HHKY, 

MO)KHa BHKOpHCTOByBaTH 3BHqattHHH MarHeTpOHHHH p03IIHJIIOBaq 3 oca)J,)KeHH5IM 

peqoBHHH Ha po3irpiTy IIi)J,KJia)J.KY, llJ,0 )J,aCTh 3Mory npaU:IOBaTH B YMOBax 6JIH3hKHX 

)],0 piBHOBa)KHHX, ane 3 HH3hKOIO CTau:ioHapHiCTIO. ,[(JI5I OTpHMaHH51 HaHOCTpyKTYP 

Byrneu:IO Ta U:HHKY Kpa11J,e BHKOpttcToByBaTH HCTIK, llJ,O Bi)].IrnBi)J.ae yMoBaM 

CTau:ioHapHo"i 6JIH3hKopiBHOBa)KHOI KOH)J.eHcau:iL BcTaHOBJieHo yMoBH tta6Jitt)KeHH51 

CHCTeMH )J,O TepMO)J,HHaMiqHOl piBHOBarH. ABTOpOM 6yno IIOKa3aHo, llJ,0 31 

36iJihIIIeHH5IM TeMnepaTypH IIJia3MH, 3MeHIIIyeThC5I 3HaqeHH5I pi3Httl{i xiMiIJHHX 

IIOTeHu:ianiB i CHCTeMa np51Mye )J,0 piBHOBarH. Y BHIIa)J,Ky, KOJIH KOH)J,eHcau,rn 

Bi)J.6yBaeThC51 IIpH 36iJihIIIeHHi THCKY, CHCTeMa IIJia3Ma- KOH)J,eHCaT BHrl)J,HO 
. . . 

Bl)J,p13H5IeThC51 Bl)], CHCTeMH ra3- KOH.l],eHCaT. 

TpeTitt p o3);(1JI npttcB5JqeHHtt <popMyBaHHIO CTPYKTYP Ha ocHoBi Byrneu,IO. Ha 

noqaTKOBY eTam <popMyBaHH51 HaHOCTPYKTYP Byrneu,IO ( 6 XBHJIHH, THCK 6ITa 

noTy)KHicTh 50BT) 6yntt orpttMaHi c<pepo a6o Kyneno)J.i6Hi cna6o 3B'513aHi 

rpa<piTOIIO)J.i6Hi HaHocrpyKTypH. ITiCJI51 KiJibKOX rO)J,HH Bi)J.6yBaJIOC5I <pOpMyBaHH51 

KYJI5ICTH:X BHIIYKJIOCTett, 51Ki nepeXO)J,HJIH y Byrneu,eBi MiKpoc<pepH. ToMy npH 

36iJihIIIeHHi THCKY 3 6 )],O 10 ITa noq11HaIOTh <pOpMyBaTHC51 HaHOBOJIOKHa 3 )J,iaMeTpOM 

Bl)], 100 HM )J,0 2 MKM. 3a )J,OIIOMOrOIO KOM6iHau:ittHoro p03Cl5IHH51 Ta 

peHTreHOCTPYKTypHoro aHani3y BCTaHOBJieHa CTPYKTypa u:11x KOH)J,eHcaTiB. 

Btt3HaqeHo YMOBH <popMyBaHH.51 cTpyKTYP pi3HOI Mopcponori"i ( THCK, TeMnepaTypa, 

npHKJia)J.e Ha noTy)KHicTh) Ta )J.OBe)J.eHo, llJ,O <popMyBaHH.51 CTPYKTYP Bi)J.6yBaeThC51 y 
. . . . 

Bl)J.CYTHOCTI KaTaJI13aTOp1B. 

qeTBepTHH p03.[(iJI CKJia)J,aeThC5I 3 )],BOX IIi)J.p03)],iJiiB. ITepIIIHH IIi)J.p03)],iJI OIIHcye 
. . . . 

CTBOpeHy MO)J,eJib MaconepeHocy peqoBHHH Ml)K MlIIIeHHIO 1 Ill)J,KJia.l],KOIO, Ta OIIHcye 

Ti npou:ectt, llJ,O Bi)J.6yBaIOThC51 ni)J. qac CTBopeHH.51 )J.OCJii)J.)KyBaHHX CTPYKTYP Mi)J.i Ha 

Ill)J,KJia)J,Kax KCl. Ha ocHoBi MO)J,eJihHHX y5IBJieHh Ta 3rl)J,HO 3 ncTorpaMaMH 

p03IIO)J,1JIY HaHOKpHCTaJilB Ml)J,l 3a p03MlpaMH, po6HTbC51 BHCHOBOK npo 
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Bi.IJ:ITOBi.IJ:HiCTb MOLJ:eJii HIM rrpou:ecaM, :w:o Bi.r:i:6yBaIOTbC5I B CHCTeMi rrpH OTpHMaHHi 

KOHLJ:eHcaTy. B .z:i:pyroMy rri.z:i:po3.z:i:ini BHB1IaIOTbC5I oco6JIHBOCTi CTPYKTypoyTBOpeHH5I 

rropHCTHX ITJiiBOK Mi.r:i:i. BH3Ha1IeHO YMOBH (TeMrrepaTypa 843K), rrpH 5IKHX 

Bi.r:i:6yBaE:TbC5I nepexi.z:i: 3 nopHCToro wapy LJ:O cpopMyBaHH5I BHLJ:OB)l(eHHX CTPYKTYPHHX 

eJieMeHTiB Mi.r:i:i. IlpH ITOLJ:aJiblliOMY 36iJibllieHHIO TeMnepaTypH 3 843 LJ:O 943 K 

3MeHWYE:TbC5I KiJihKiCTb nop Ta Ix nepepi3iB. U:e IT05ICHIO€TbC5I nepeXOLJ:OM Bi.IJ: 

nowapoBO aTOMHO-rJia.IJ:KHX KpHCTaJii1IHHX rpaHeH LJ:O HOpMaJibHOro pocTy aTOMHO

wopCTKHX TIOBepXOHb Ta TIOCHJieHOIO KOHLJ:eHcau:iI aTOMiB BCepe.IJ:HHi nop. Eyno 

BH3Ha1IeHO YMOBH cpopMyBaHH5I OKpeMHX KpHCTaJiiB Mi.r:i:i 3 rpaH5IMH (111) Ta (100), 

"1 :w:o rrapaneJihHi ni.r:i:Kna.z:i:u:i. 
\ 

IT' 5ITHH po3.z:i:in cKna.z:i:acThC5I 3 n' 5ITH ni.z:i:po3.z:i:1mB. Y nepwoMy m.z:i:po3.z:i:1m Ha 
. . . 

OCHOBI eKcnepHMeHTaJibHHX .r:i:aHHX BHLJ:IJieHO TPH OCHOBHI 30Hll 3MlHH 

TexHonori1IHHX napaMeTpiB PAr 'i PW, y Me)l(aX 5IKHX cpopMyIOThC5I no.z:i:i6Hi nopncTi 
' 

CTPYKTyp11. ,Il;pyrttii ni.z:i:po3.z:i:in npHCB5I1IeHHH oTpHMaHHIO CTPYKTYP U:HHKY 

KJiaCH1IHHM MeTOLJ:OM MarHeTpOHHOro p03TIHJieHH5I, a caMe npH oca.z:i:)l(eHHl np5IMHX 

ITOTOKiB p03TIHJieH01 pe1IOBHHH Ha po3irpiTy ni.IJ:KJia.IJ:Ky. Oco6JIHBY yBary npn .z:i:ineHO 
I 

OTpHMaHHIO HHTKOTIOLJ:i6HHX CTpyKTyp, :W:O MO)l(e 3HaHTll npaKTH1IHe 3aCTOCy BaHH5I 

LJ:JI5I po3po6KH ceHcopiB. TaKi cTpyKTyptt cpopMyBaJIHC5I rrpH PAr = 12 Ila, PW = 30 

BT i TeMnepaTypi ni.IJ:KJia.IJ:KH Tc = 423 K. TeMnepaTypa, 5IK noKa3aHo B po6oTi , c 

OCHOBHHM n apaMeTpoM nptt cpopMyBaHHi CTPYKTYP pi3Horo Tttny. Y TpeThOMY 

rri.z:i:po3.z:i:ini n opiBHIOIOThC5I MeTOLJ: MarHeTPOHHoro po3TIHJieHH5I Ta HCITK 3a y1IacTi 

U:HHKY. Ilptt U:hOMY MO)l(Ha oTpHMaTH no.z:i:i6Hi CTPYKTYPH 3 U:HHKY. Y 1IeTBepT0My 
. . 

TI1.IJ:p03.IJ:IJI1 BCTaHOBJieHO OTITHMaJibHl YMOBH OKHCJieHH5I HaHOHHTOK U:HHKY LJ:JI5I 

oTpHMaHH5I OKCHLJ:Y U:HHKY 3 no.z:i:i6HHMH CTPYKTYPHHMH cpopMaMH. Btt3Ha1IeHo 

YMOBH, npH 5IKHX u:e Bi.r:i:6yBaE:TbC5I. y n' 5ITOMY ni.z:i:po3.z:i:ini 3p06JieHO nopiBH5IHH5I 

a.z:i:cop6u:iiiHHX BJiaCTHBOCTeH 3pa3KiB U:HHKY, OTpHMaHHX B pi3HHX 30Hax, LJ:O ra3y 

nponaH-6yTaH. BcTaHOBJieHo TaKi YMOBH oTpHMaHH5I nopHCTHX CTPYKTYP, npH 5IKHX 
.. . . 
IX ceHcopm BJiaCTHBOCTl € Kpa:W:HMH. 

y u:inoMy po6oTa BHKOHaHa Ha BHCOKOMY HayKOBOMY pIBHI 3 3aCTocy BaHH5IM 

opttriHaJibHOr o TeXHOJiori1IHOro o6na.r:i:HaHH5I Ta CKJia.LJ:HOl LJ:OCJii.IJ:HHU:bKOl anapaTy pH, 

:w:o CBi.IJ:1IHTb npo BHCOKHH cpaxOBHH piBeHb 3.z:i:06yBa1Ia. OcHOBHi pe3yJibTaTH € 

HOBHMH i Bnepwe OTpHMaHHMH. MaTepianH ony6niKoBaHi B MI)l(HapOLJ:HHX 

)l(ypHanax Ta LJ:OTIOBi.IJ:aJIHCb Ha Mi)l(HapOLJ:HHX KOH<pepeHU:i5IX. 

Bci HayKOBi TIOJIO)l(eHH5I Ta BHCHOBKH € o6rpyHTOB3HHMH 3aBLJ:5IKH ITOBHOTI 

OTpHMaHHX eKcnepHMeHTaJibHHX Ta TeopeTH1IHHX .z:i:aHHX, a TaKO)I( 3aBLJ:5IKll IX 
. . . 

nopIBH5IHHIO 3 pe3yJihTaTaMH lHIIlHX LJ:OCJil.IJ:)l(eHb. 
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)],ocTOBipHiCTb pe3ym,TaTiB He BHKflHKaE: cyMHlBY, OCKlflhKH BOHH OTpHMaHl 3 

BHKOpHCTaHH.HM Ha.n:iH.HHX eKcrrepHMeHTaflhHHX MeTO.D:HK, peTenhHO o6po6neHi Ta 
. . 

rrpoaHan13oBam. 

· TeKCT ;::i;HcepTaQii Ta aBTopecpepaT .n:o6pe HanHcam, rapHo rrpoimocTpoBaHi. 

A BTopetj>epaT BipHO Bi.n:o6pa)Ka€ 3MiCT .D:HCepTauii. OcHOBHi pe3ynoTaTH, r.u:o 

HaBe.n:eHO y po6oTi, BqacHO i ITOBHicno orry6niKOBaHO B 5 CTaTT.HX y cpaxOBHX 

BiTL{H3H.HHHX Ta Mbirnapo.n:HHX )KypHanax, .HKi iH.n:eKCYIOThC.H 6a30IO .n:aHHX Scopus, 

Ta B 6 Te3ax .n:orroBi.n:eii. Po6oTa rrpoii:nrna anpo6aQiro Ha Mi)KHapo.n:HHX HayKoBHX 

KOHq:>epeHU:i.HX. 

Pa30M 3 THM, po6oTa He IT036aBneHa .n:e.HKHX He)];OJJiKiB: 

1. B Ha3Bl po60TH 6yno 6 .n:ou:inhHO HaITHCaTH "TpHBHMipHHX 

cTpyKTyp"3aMiCTh "3 D-cTpyKTyp". 

2. MaTeMaTHL{Ha Mo.n:enh OcTBaflh.D:iBChKOI KOH.D:eHcau:iI rro6y.n:oBaHa .D:OCHTh 

He3BWIHO. 3aMiCTh rrpOCTOro .n:mpepeHu:iii:Horo piBH5£HH5£ y qacTKOBHX rroxi.n:HHX, 
' 

5£Ke 6 OITHCyBano 6anaHCHi crriBBi.D:HOIIIeHH5£ B pi3HHX 30Hax Ha.n: ITOBepxHeIO, 

BHKOpHCTOBYE:ThC5£ HeCTaH.n:apTHa cpeHOMeHonoriqHa .D:HCKpeTHa cxeMa. qOMY 

6yno o6paHo caMe TaKHH MeTo.n:, He 3po3yMino. 

3. Pe3yrroTaTH Mo.n:enIOBaHH5£ 36iraIOThC5£ 3 eKcrr'epHMeHTanhHHMH TinhKH .HKicHo 

(pHC. 4.5, CTOp.79), TOMY BHCHOBKH, OTpHMaHi 3a .n:orroMoroIO U:1€1 Mo.n:em, 

ITOBHHHi cpopMynIOBaTHC5£ 6inhlll o6epe)KH0. 

4. BenHKY KinoKiCTh pe3ynoTaTiB po60TH OTpHMaHO lllfl5£XOM aHanl3y 

MiKpOCKOITiL{HHX 306pa)KeHb IIOBepxOHh, ane rrpH U:hOMY HI.HK He 

BHKOpHCTOBYE:ThC.H ITOTY)KHHH arrapaT L{HCeflhHHX MeTO.D:iB aHani3y 306pa)KeHh. 

3oKpeMa, He BHKOpHCTOBYE:ThC5£ MeTO.D: .D:BOBHMipHHX <l>yp'e-rrepeTBOpeHb .Il:fl5£ 

KinoKiCHoro BH3HaqeHH5£ po3rro.n:iny p03MipiB rrpOCTOpOBHX Heo.n:Hopi.n:HOCTeH Ha 

MiKpoq:>oTorpacpi.Hx, MeTO.D:H BH3HaqeHH.H cpopMH eneMeHTiB IIOBepxHi i T.IT. 

5. AHani3 ITOBepxOHh HOCHTh B OCHOBHOMY .HKiCHHH xapaKTep. r i cTorpaMH 

po3MipiB ccpopMoBaHHX CTPYKTYP HaBe.n:eHi TinhKH Ha pHc. 5.2 (cTop.1 00), To.n:i 

5£K 6yno 6 .n:ou:inhHO 3po6HTH TaKHH aHani3 .Il:fl5£ Bcix iHlllHX 3pa3KiB B po6oTi. 

6. BHCHOBKH po60TH u:inKOM a.n:eKBaTHi IIOCTaBneHHM 3a.z:i:aqaM, ane IX 

cpopMynIOBaHH5l € HeB.n:anHM. BHCHOBKH 3aHa.D:TO 6araTocniBHi, a IX KinoKiCTh 

Ha.n:MipHa. ~e.HKi 3 HHX ccpopMynoOBaHi He .HK BHCHOBKH, a .HK pe3ynoTaTH. 

7. B po6oTi € q11cneHHi HeB.n:ani BHCflOBH, CMHCflOBi HeTOL{HOCTi Ta rpaMaTHL{Hl 

IIOMHflKH. TaK, 

- CTOp. 7 - He BKa3aHO y rrepeniKy TeM pOKH IXHhOro BHKOHaHH5£, 

- cTop.11 .n:11cepTau:iI, rrepllle peqeHH.H - «cTpyKTYPHhie cpopMoI y r nepo.n:a: 

cpynnepeHhI, HaHoTpy6KH, rpacpeH, yrnepo.n:Hoie nyKoBHU:hI, pora, ccpepbI»- He 

MO)KHa rrnyTaTH CTPYKTypHi Ta MopcponoriqHi cpopMH Byrneu:10, 
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